This study focuses on the performance enhancement of the levitation and guidance control system in urban and mediumto high-speed magnetic levitation trains. A levitation control system, which is currently being tested in Yeongjongdo, is a single controller that is neither designed nor produced on the basis of redundancy. Hence, vehicular stability and reliability should be improved for the situation in which levitation failure occurs because of a breakdown in a controller during vehicle operation. In addition, the control system should be developed to control electromagnetic levitation considering changes in normal force according to changes in the driving force of the propulsion system.
Introduction
This study focuses on the performance enhancement of the levitation and guidance control system for urban and medium-to high-speed magnetic levitation trains. A levitation control system, which is currently being tested in Yeongjongdo, is a single controller that is neither designed nor produced on the basis of redundancy. Hence, vehicular stability and reliability should be improved regarding the situation when levitation failure occurs due to a breakdown in a controller during vehicle operation. In addition, the control system should be developed to control electromagnetic levitation considering changes in normal force according to changes in the driving force of the propulsion system. In this study, the controller is duplicated to provide error-free levitation and guidance for smooth vehicle driving [1] [2] [3] [4] .
Body
2.1 Redundant design of the levitation control system in an urban magnetic levitation train 2.1.1 Urban magnetic levitation train controller The block diagram in Fig. 1 depicts the internal composition, external devices, and interface of the urban magnetic levitation train MD. An MD controls four electromagnets; it calculates necessary levitation force by detecting signals from a gap/accelerator sensor and main- tains a constant air gap at the railway by turning on and off an IGBT switching element in the MD 2.1.2 Main functions and composition of the controller The levitation controller is manufactured with a rack structure and uses a certain board according to the functions among seven control boards (i.e.. DSP board, DIO board, SEN1,2 board, COMM board, and POW board). The main functions of each board in the controller are as follows.
-DSP board The DSP board consists of a 32-bit Digital Signal Processor (DSP) and Programmable Logic Device (PLD) for high-speed calculation and performs functions such as the generation of start-up and shut-down sequences and pulsewidth modulation (PWM) pulses for switching the IGBT of a chopper. Its main functions are as follows:
• -SEN1, 2 boards The SEN1 board detects voltage and current with a voltage and current sensor of the main circuit to convert them into digital signals and transfer them to a DSP CARD. It can also be used for external monitoring because it determines and confirms problems of the main circuit. The SEN2 Board transforms analog distance and acceleration signals, which are detected from the vehicle's distance and acceleration sensors, into digital signals, and it transfers them to the DSP board; it also generates the distance and acceleration signals detected for monitoring.
-COMM board The COMM board monitors the system status in real time, saves the data of the main parts during failure, and exchanges interface signal information with an upstream control device. A block diagram of a controller with different control boards is shown in Fig. 2 .
Analysis and redundancy design of the levitation control system
In the redundant structure of the control section of a lev- 
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− 23 − itation controller, a back-up controller should be designed to have the same capacity as the existing levitation control system to maintain compatibility, and the electrical interface compatibility should be externally maintained.
The redundant design of a levitation controller compatible with the existing levitation control system is described in Figs. 3 and 4.
In this redundant design, internal control variables between the master and slave controllers are exchanged in real time by operating the master controller during the normal driving of the magnetic levitation train and a back-up slave controller when the master controller is out of order for successful MD operation.
The master and slave controllers have the same structure. The communication board is used for performing TDCS and MVB communication and transferring status data such as internal conditions and failure information in real time; the sensor board simultaneously provides analog input signals obtained from the CT, PT, GAP, and ACC sensors to the master and slave controllers; the I/O Board exchanges vehicular TDCS DIO signals with the master and slave controllers in parallel; and the gate board transfers PWM signals for the two-quadrant chopper operation from the master and slave controllers to the GDU and receives failure information from the GDU to process fault signals through master and slave controllers. The characteristics of the communication protocol There are some changes in circuit of Master Slave Swapper for driving part of IGBT to realize dualization. Please refer to Fig. 11 .
As mentioned, although there is no PWM signal from Master Slave Swapper, Slave controller output PWM signal in time to operate it without failure.
Redundancy of the levitation and guid-
ance control system of a medium-to highspeed magnetic levitation train
Requirement analysis and direction suggestion
The levitation and guidance control system should be designed and manufactured to be applied to the test medium-to high-speed magnetic levitation train. It should also be developed to achieve reduction of the weight and size through the improvement of power density, electromagnetic levitation control considering changes in normal force, enhancement of the self-diagnosis function, and redundancy of the control section and electromagnet operation section.
Requirement analysis for the MD -The MD should be designed and manufactured to prevent electric shock and fire for the safety of its operation site.
-The various devices of the MD should be arranged to be easily inspected.
-The various devices of the MD should be resistant to internal and external environments and produced not to affect other devices.
-A discharge circuit should be formed to discharge internal charging voltage after power suppression.
-The discharge circuit should be composed to minimize the temperature increase in the controller.
-The controller should be produced to minimize the internal temperature increase.
-It should have functions for self-diagnosis, self-failure monitoring, and record storage, as well as a communication function to transfer operating conditions and failure information to the upstream controller in the vehicle. The power circuit section is the IGBT operation board, which is a power-switching element of the chopper; it adjusts the amount of current passing through the magnet of the magnetic levitation train on the basis of the duty of the PWM signals input from the DSP board, and provides information to the controller when overcurrent is generated. The gate driver board is optimally designed for 1/4 quadrant driving and operates the IGBT by using independent, electrically isolated power.
An IDU operates an independent chopper (H-bridge), and two IDU boards are required to operate a corner.
Functions and characteristics of the power circuit section for levitation and guidance This MD applies DC to the electromagnet to constantly control the air gap of vehicular levitation to be approximately 8 mm. It also controls the levitation and guidance of the magnetic levitation train by receiving location and speed data through the distance (GAP) sensor and acceler- Figs. 15 and 16 present the dynamic characteristics of the main circuit when the duty cycle is adjusted to be 0.2 and 0.5, respectively, at an input voltage of 300 [V] . They indicate that the output characteristics remain the same regardless of changes in the input voltage
Figs. 17 and 18 describe the dynamic characteristics of the main circuit when the duty cycle is adjusted to be 0.2 and 0.5, respectively, at the input voltage of 400 [V] . They confirm that output characteristics remain the same although the input voltage changes. Fig. 19 shows the result of simulating behaviors of the output voltage and output current when four electromag- 
Conclusion
In the existing controller system, there are some inconvenience to drive trains. If it doesn't output PWM signal, it promptly cause levitation-failure. However, this study suggests new method to operate controller without failure as mentioned and new method can realize stable driving.
This study on developing the redundant levitation and guidance control system of urban or medium-to highspeed magnetic levitation trains will contribute to ensuring reliability in terms of the operation of the magnetic levitation and guidance system when policies for promoting the supply of this system are implemented at the national level. In addition, it is expected that the technology proposed in this study can be applied not only in magnetic levitation trains, but also in general industrial power unit applications other than railway vehicles such as highspeed railways, electric rail cars, and electric locomotives.
